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. . .~ ^ <;tr*ntacoccus thermophilus strains containing genes giving the 
The invent.cn relates to new streitococcus thermophilus strains are very useful 

teriophages and antibiotics in liquid samples. presence of small amounts of 

in many situations it is of vita, .mportence to fJ^L use o« antibiotics and 

antibiotics. This is the case in food industries, for instance where » 9 ,n <^ re|jab|e ^ 

chemothaapeutic substances in the treatment of *^*»j^X£^J^ 0 ^ and since 
sensitive process of determination. Since '^^^ m £Z£Z^ £ Zod technological 
antibiotic residues in milk may both cause health hazards and be ««™™ screening of milk. ■ 
reasons, it is especially important to develop ^^^^SS^^ ^utilize L ability 
Antibiotic residues in milk are generally detected by microoioiogicai nrnt »™ are 

20 Brussels). . .^.^^ k« u9n r><5 ef a/ Diffusion Test for the Determina- 

A process of corresponding sensitivity is disclosed ^^.^l^^^ process als0 uses B. 
tion of Antibiotic Residues in Mi.k. Neth. Milk and Dairy J. ^J^^J^SS^ agar confined 
stearothermophllus var. calidolactis as the test organism A Wte (PJ ml) « P^J^J js ^ on 
in a vial, and a tablet containing nutrients and a pH indicate; ■» ^^jf^^sZrs. The 
the acid producing capability of the test organism. The vials are incubated at 64 u 
evaluation is based on the colour change of the i aga, mjcrobe used in ^ proce ss is 
Standard techniques further include the ^^J^S^aZ** the test microbe, nutrients. 
itrontococcus thermophilus. A test tablet containing a lyophtlized culture or me 

antibiotic determination; K has a very broad spectrum. ..e. * is sensitive totne mteowgantem8 . The 

antibiotics, in addition to which it is far supenor « - JJJniS^ S^toc^sthermophnus 
determination is carried out by adding a sample to a test set composing a jndicator . 
T101 concentrate and , i convention, ^SS^ii-^^ 
incubating the test set with the sample at 38 to 42 CtoW"J^ performance of the test. In the 

65 the process is 0.005 I.U. of penicillin per ml. This process, either, is not surt^ie tor rouwe u 
e^rSvttnd complicated anTrequires skilled persons and expensive equipment to be earned out 
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ready-to-use assay set. 

Bacteriophages constitute another major problem, even in the food industries. Bacteriophages are 
bacterial viruses that infect the bacteria, proliferate within bacterial cells, and finally cause the lysis of the 
bacteria. Great numbers of new phages are released in the lysis of bacteria, and these phages in turn may 

5 infect other cells of the bacterial population and cause their lysis. Accordingly, even a very small number 
of infecting bacteriophages may destroy the entire bacterial population in a short time. Bacteriophages may 
thus cause great disadvantage e.g. in the food industries in fields that use bacteria as starter cultures, such 
as in the dairy industry in the preparation of sour milk products and especially cheese. 

presence of bacteriophages or infected bacteria in a sample is determined microbiologically by 

70 preparing a suspension of said sample and spreading an appropriate dilution of said suspension on an agar 
plate that has been inoculated wiith a suspension of bacteria susceptible to the bacteriophage in question.. 
After incubation, the plate has a confluent layer of bacterial growth, except for points where a phage particle 
or an infected cell has been introduced. Around such points, clear zones, plaques, are formed as a result of 
the lysis of the bacteria. 

75 Commercial rapid bacteriophage tests for starter cultures used in the food industries are not available. 
Due to the severe problems caused by bacteriophages, there is an acute need for a sensitive and reliable 
method which is also simple and rapid. 

These advantages are obtained by the present invention, which is based on the creation and utilization 
of bioluminescence. Bioluminescence means the ability of certain organisms to emit light. The mechanism 
20 of light emission and the resulting colour are specific to each organism. 

The bioluminescence reaction of bacteria can be represented by the following formula: 

luciferase 

25 FMNH 2 + 0 2 + R-CHO > FMN + H 2 0 + RCOOH 

, + light 

30 The bioluminescence reaction is catalyzed by luciferase, and the substrates are reduced flavin 
mononucleotide (FMNH 2 ), a long-chain aldehyde and molecular oxygen. The reaction is highly specific for 
FMNH 2 . The aldehyde may be any aldehyde containing 7 to 16 carbon atoms; unsaturated and substituted 
aldehydes also cause emission of light. Decanal, dodecanal and tetradecanal may be mentioned by way of 
example. 

35 In the reaction FMNH 2 is oxidized into FMN and the aldehyde into a corresponding fatty acid. The 
energy needed for the light emission is produced mainly in the oxidizing reaction of the aldehyde and 
FMNH 2 . The bioluminescence reaction of bacteria produces greenish-blue light having a maximum wave 
length of about 490 nm and a quantum efficiency between 0.05 and 0.15. 

Bacterial luciferase [EC 1.14.14.3] is a hetero-dimeric enzyme having a subunit a (about 41 kDa) and a 

40 subunit & (about 37 kDa) encoded by the luxA and luxB gene, respectively. 

There is a 30% identity between the amino acid sequences of the subunits. and the corresponding 
genes are assumed to have arisen by gene duplication. A divergence as great as 45% may occur between 
the sequences of the a unit of luciferases of different bacterium species; with the fi units, the divergence 
may be even greater. At present, the luciferase sequence of about ten different bacterium strains has been 

45 determined. By way of example may be mentioned Vibrio fischeri and Photobacterium leiognathi - 
(Journal of Bioluminescence and Chemilumtnescence 4 (1989) 326-341, Baldwin ef a/.), Vibrio harveyi - 
(Journal of Biological Chemistry 260 (1985) 6139-6146, Conn ef a/.) ( and Xenorhabdus iuminescens - 
(Biochemical and Biophysical Research Communications 170 (1990) 407-415, Johnston ef a/.). 

The genes encoding the luciferase belong to the so-called tux system of bacteria. It has been found 

so that all luminescent bacteria contain five tux genes (/uxA-E), which code for the o and unit of luciferase 
(iuxA and iuxB, respectively), the reductase (/uxQ, transferase (/t/xD), and synthetase (luxE) of the fatty 
acid reductase complex. The geroes are closely related to each other, and it is assumed that they occur in 
the same operon in the order luxCDABE. In addition to these genes, other genes closely related to the lux 
system have been found, which vary depending on the bacterium species and strain. The lux gene system 

55 thus varies from one bacterium to another. 

Detection processes based on bioluminescence have been developed for both In vitro and In vivo 
applications. Bacterial luciferase can be used In vitro to detect metabolites which can be transformed into a 
substrate participating in the reaction. The formation of oxygen and fatty aldehyde can be analyzed in this 
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reactions which produce either NADH or NADPH or ™™P°" e nzvmes may also be determined by 

Kssrs ^crr rrrrr =, - : . — — - 

especiaily ^lactam antibiotics ^^JT* ^ suJis. in the 

Photobacterium iischeri MJ1 has been ^ Jf^JJ^™^ *» 45 to 60 min loliowed by • 
determination, bioluminescent cells are incubated n '^^^Zmbo^L The result is obtained 
an addition of dodecyl aldehyde and an '^^.^'^^XtibloHc. with a control value 
by comparing the in vivo luminescence value obtained in the presence ot anno 

obtained in the absence ot antibiotics. u 4 ...Hcta^ affectina Drotein synthesis. The test is 

The induced test is applied to detect the activity of ^^"^f!^^^^ 7 ^ test uses dark 
based on the ability of antibiotics to inhibit the luciferase ^^^^Z in the presence of 
mutants of luminescent bacteria that undergo ,n*£on ^^^^^ the' use of the 
rprtain DNA-intercalating agents, such as acndine dyes and caneine. ine* ^ 
rZotZeZ ieiognJ, 8SD18 mutant e.g. ^ dete ™t^^ bactenophage. In the 

,n the bacteriophage test, a bioluminescent ^ 

52 rs^s^* ~ r— S23 - - * — - a 

^ described above. resu* is affect* by a great variety 

Have to be contro.led accurate,^ For wjn* p£££££* b^ent^ont such as Ca" and 
bacteria are marine organisms, they need salt. The «™*™™ t jnhibit ^ activity of 

30 MB**, however, has to be controlled very *^JZ*^£££ oi certain antibiotics is 
aminoglycosides, such as streptomycin kanamycn ^^^^SX, m Abiotic to be 
highly P H dependent, and therefore the pH ^* '*^*£S£ „ extremely critical. In 
determined in each particular case. In the '^J^^^JSZm bioluminescence in an 
addition to antibiotics the samples may contain oth « ™™ ™ nave t0 be adjusted very 

bacteriophages in commercial applications. , Photobacterium 

Naturally occurring luminescent tactenaj are class '"^^ *^S^I*!^ln seawater. Luminescent 
and Xenorhabdus. Most of them belong to the *^ e ^^^^^ rods, mostly 

expressed as such in gram-positive organisms. . . r ...^ascent However, a process has 

engineering technology. Although several attempts haveb^n madj gene y 
foreign genes. Mercenier describe (Appl. Environ. Microbiol. 

£5-S2Erss= 
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genes for this organism. For instance, attempts to «» *™ "* SUCCeSSfUl ' 

the subject as the attempts have fa.led. djffjcult ^ so thjs 

thermophllus bactena. containing the /uxA and /axe genes of 

Deutsche Sammlung von Mikroorganismen under the deposrt number DSM 40^ 
possesses the following properties: 

- gram positive 

30 - forms long coccus chains 

- growing temperature: 
growth at 50 'C 

no growth at 10 *C 

- salt resistance 

35 growth at a NaCI concentration of 2% 

^Ti^Z^™ strain is modified geneticaiiy by adding genes causing ft. ^nes^e 
pro p^~ Sbes va,ous genes suitable for •jpjpjj. of ^^Z'ZZTus 
in the present invention, it has been shown thatth , te Jjna. £ ^ ^ t0 

the ScampSln order to show the workability and broad applicability of ftep^ mventon. 

TSSlSio of the plasmids according to the ^J^^J^^^ns a) a 
The p.asmid pT^B61 eo*^ J^^IJSl P-mid 

C/al-WndlH fragment from the plasnrd pVSZJP P^ ^^ 8 (Ap p,. Environ. Microbiol. 57 (1991) 
pKTH1799. which fragment contains a promoter and a signal ^ e ^j^f containing the luxA/B 
341-348. Sibakov et a/.), and c) a arnHMMfH fragment from the ftamtd W^™^^™ ^ bs 
gene fusion of V/Mo ftarvey* and a transcription terminator (Mol. Gen. Genet 230(1991) 251 256. Jacoos 
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etS 'L use of »e plasmid P^f 

thermostable luciferase .s regarded as the P^~ D ™^ ich kagmetA contains a promoter and a 
contains a) a CM-Hinm *?^^^*^^TJ* b) an Ecori-Sa/I fragment 
signal sequence (Appl. Environ. *^°^™>^^ (J Bi0 |. Chem. 265 (1990) 16581-16587. 

a fermenter at pH 6.2 to 6.5 ana ax to <** o m whereatter the culture broth is 

is observed and arrested at the end of the '^ a "*^ 

concentrated by filtrating to a 20-fold cone. ^^^^^iTE^ 0 ? lyophiiized microbe 
protective agent may be any ™^*^«%Z£ "J£ ESS* mi.k P Preferably the 
preparations, or some other substance su.ted for the «"^' 1 1% of ascorbic aci d. and 
protective agent is an aqueous Vc^TZ' L protective agent is e.g. 

the pH of which is 6.5. A suitable ^^^^^^^^ a vessel which may be a 

STSL. The finished test set ^^^Z^Z ^ test set. The test set and the 
The antibiotic determination is earned out by adding ?™rino cuvette. A long-chain 

sample are incubated, and an aliquot ofjhe ^^^^^ZZ^^^^ 
aldehyde, such as n-decyl aldehyde or dodecyl aldehyde is added to the cuven 

and measured immediately or after . suitable incubation f^^^Z^^ me asunng may 
visually.evaluating the intensity of the lum.nesc ent JO" "1* J^HS bi*s way will, of course, be 
also be carried out luminometrically by a surtable dev.ee The resuH ^obto.ned jmww^ . 
m0 re accurate. If the samp.e -^ns antibiotics.^ ^ 

' £c^L^-»= in 8 SSL- JL, , _ 

Streptococcus tfWmopIMM or by ^using ^^J^%^^ an aliquot of the mixture is 

45 values. ^ _ f thA c thermoohilus T101 strain and the 

and broadness of spectrum. thermoohilus T101 strain has no 

obtained by the new strain T102 were even better than thos^b^nedby tt^ tetracycline 
G. doxacillin. dicloxacillin and amoxycillin may be mentioned as examples. As to neomycin, wu 
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optimized for these antibiotics. 
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The examples to be given below are intended to iilustrate the invention, whereas they are not intended 
to limit the scope of the invention. 
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Example 1 

Construction of the plasmid pTVB61 

2 ug of DNA from the plasmid pVS2 (F. 77056) in TE buffer (10 mM Tris - 1 mM EDTA pH 8X» were 
digested with the C/al (5 U) and HinM (5 U) enzymes; the digestion m J^ re ™° 
(Boehringer Mannheim, the final concentration 10 mM Tris-5 mM MgCb - 100 mM NaCI -J mM 2- 
LcaptSethanol. P H 8.0). incubation at +37-C for 4 h. The fragments were 

gel. ar*La fragment of about 4 kb was excised. The fragment was crushed m an Epoendorfl tube 250 ul o 
TE buffer and 500 ul of phenol were added. The tube was freezed m hqu.d nrtrogen and centnfuged at 
12.000 rpm for 15 min at room temperature. The aqueous phase was recovered and punfied by ^phenol and 
chioroform-isoamyl alcohol (24:1) extraction followed by ethanol precipitin. The fragment was d.ssolved • 

1 JTS DNA from the plasmid P KTH1799 (Appl. Environ. Microbiol. 57 (1991) 341^348 Sibakov j.f 8/.) 
in TE buffer were digested with the C/al and H/ndlll enzymes similarly as above. A 400 bp fragment was 
separated from the agarose gel as described above. m*^^ i/m 

0.3 ug of the 4 kb C/al - Hinm fragment and 0.1 ug of the 0.4 kb fragment were m,xe I together 1/10 
of liqation buffer (Boehringer Mannheim. 660 mM Tris - 50 mM MgCfe - 10 mM DTE - 10 mM ATP pH 7.5) 
wa 9 Sded So the totaUolume was 20 ul. 1 U of T4 DNA ligase was added and the ligation rn^ure was 
incubated at + 16'C for 16 hours. The ligation mixture was precipitated wrth ethanol and d.ssolved .n 5 ul 

^lartZoccus lactis MG1614 cells were subjected to electroporation (Appl. Enviiron. I^crobiol. 55 
(1989) 3119-3123. Holo and Nes) with 3 ul of ligation DNA, and the transformants ^re selected on M17 
plates containing 0.5% of glucose and 5 ug/ml of chloramphenicol. 

marts was carried out according to Anderson and McKay (Appl. Envron. M.crob.ol. 46 (1S83) 549-552). The 

Pi X^^7^^ were digested in B buffer with the and EcoRV enzymes 

and separated from the gel (a 4.4 kb fragment) as descnbed above. 

2^gofDNA from the plasmid pMJ499 (Mol. Gen. Genet. 230 (1991) 251-256. Jacobs ;eta,.) were 
digested in B buffer with the BanM enzyme as described above in a volume o 20 ul. After d.gest.onl ul 
of each dNTP (0.5 mM solutions) and 5 U of Klenow enzyme were added to the m«xture followed by 
"cutation at +30-C for 15 min. The reaction was arrested at + 75-C. 10 min. H,n<M\ I enzyme was added 
to the mixture, whereafter it was digested and a 2.5 kb fragment was separated from the gel as descnbed 

Too ng of the pVS22 HindU- EcoRV fragment and 200 ng of the pMJ499 (BamHl)-HinM fragment were 
ligated. subjected to electroporation, selected, and the plasmid separation was carried out as descnbed 
above. This plasmid construction was named pTVB61 . 

Example 2 

Construction of the plasmid pMJ763 

Xenorhabdus luminescens was grown and chromosomal DNA was isolated as described in J. 

BaC T i£ JTiSESS r'x. .u^escens ATCC 29999 strain were amp,, ed in * Wgn. 
way. 100 ng of chromosomal DNA from X luminescens, 100 pmol of the 5' end pnmer of I he , fc/xA - 
(Biotech, and Appl. Biochem. 17 (1993) 3-14. Hill ef a/.). 100 pmol of the ^"^m^CTCGTCGACAT- 
TCGTTCACTT? of the luxB, 1/10 of the volume of a reaction buffer (500 mM KCI- 100 mM Tns. pH 8.5 - 
15 mM MgCfe - 0.1% gelatin), each dNTP in an amount such that the final concentraKon was 60 uM and 5 
U of Taq DNA polymerase were introduced into the mixture. The final volume o the mixture was 100 ul. 
DenatJtion at 95'C for 1 min; annealing at 55'C for 1 min; elongation at 72'C for 1 
amplification, the mixture was purified by using phenol and a chioroform-isoamyl alcohol extraction followed 

*T£Stt!^ fragment On 20 ul of TE buffer) was added to 1/10 of r . buffer (Boehnnger 
Mannheim, the final concentration 50 mM Tris - 10 mM MgCfe - 100 mM NaCI -1 rnMDTE pH 7.5) i i U of 
£C*I enzyme was added followed by incubation at +37-C for 4 h. 1 ul of each dNTP (05 mM sokAons) 
and 5U of Klenow enzyme were added to the mixture followed by incubation and reaction arrest as above. 5 
U of San enzyme was added to the mixture followed by digestion and purification as above. 
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« ^ hkia irnm th« olasmid dTVB61 were digested in B buffer with HfrKflll enzyme as described 
KM by incutalion and ■»«*>" *Ml DN?wTZow5 in 20 ul ot TE buffer. 

Iton were carried out as described above. This plasmid constructs was named pMJ763. 

Example~5~ 

Transformation of S. thermophilus 

Pulser). After electroporation the cells were transferred ™™«**V f" SteTwere expressed at 
containing 5% of sucrose, 2% of lactose. 2 rnM CaCfe and £ jMJJJCW «d theyj^ xp ^ 

^XuZTfLiS^cordanc, won »» Budapest Traat, under M a*x>* number DSM 84,1 nr. 

40 July 5, 1993. 

Example 4 

Preparation of the test set 

" Bacteria of the bioluminescent Streptococcus thermophilus strain, e.g. the T102 strain or VS796 strain 
were inoculated in a culture medium having the following composition: 

5% of whey permeate powder 

1.5% of casein hydrolysate 
60 0.5% of tryptone 

£ - «KS£n had been steri.ized at 120-C for 15 to 20 min. and its pH was 6.4 after the 

sterilization. p . 40*0 and the growth was 

The test strain was grown in a fermenter at a pH of about b.^ at aooux *w «iu u « 
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about 5 ml was added to 100 m. of the protective agent. The protective agent was an a ^ u ^on 
containing 1 1% of sodium glutamate and 1.1% of ascorbic acid and having a P H of 6.5. The bectonum 
SnSnSon of the soiution so obtained was about 1 x 10F bacteria per m«. 1 1 mi of the solute^ was added 
to a conventional 10 ml vial withstanding drying and closeable by vacuum. The vial was freeze dried and 
vacuum closed for storage. The viial thus prepared contained 1 to 2 x 10 s bactena per ml. 

Example 5 

DetermjBJrtion °f antibiotics in a milk sample by using the T102 strain 

Raw milk samples and antibiotic-free control raw milk were tempered to 2Z - C. 2 ml of milk was added 
to the test set prepared as described in Example 4. stirred and incubated at 42'C for t.5 to 2 hoursjhe 
background value given by the test sets was measured in the same way but after 15 mm of incubajon. 
After incubation the test sets were stirred and 1 ml of the solution was transferred into measunng cuvette^ 
40 ul of 0.3% n-decylaldehyde (in 50% ethanol) was added to the cuvettes, the solution was stirred and 
Sowed to stand at room temperature for 5 min and then measured by a luminonneter. The 15-min 
bSground value was subtracted from the RLU value of the samples and the control whereafter the value 
of the san\p.e was compared with the value of the control. The sample contains antib.otic if the va.ue has 
decreased 50% from the control value. 

Example 6 

Determination of antibiotics in a milk sample by using the VS796 strain 

Raw milk samples and antibiotic-free control raw milk were tempered toj f'OJ^oi mi ' k was ^ 
to the test sets prepared as described in Example 4, stirred and incubated at 42-C for 1.5 to 2 hours 
ler«after they were transferred to 30-C for 30 min. After incubation the test sets were stirred and 1 ml of 
^e Sn wL transferred into measuring cuvettes. 40 ul of 0.3% n-decyla.dehyde (in 50% ethanoj was 
addll to the cuvettes, the solution was stirred and allowed to stand at room temperature for 5 min and then 
measured by a luminometer. The sample contains antibiotic if the value has decreased 50% from the 
control value. 

Example 7 

Determination of antibiotics in a meat juice sample by using the T102 strain 

The test set was prepared as described in Example 4 by using sterilized 10% milk powder milk 
containing 1.1% of sodium glutamate and having pH 6.5 as a protective agent 

Meat juice was separated from meat by a freeze and thaw treatment. The meat ju.ce samp e and an 
antibiotic-free control meat juice sample were tempered to 22-C. 2 ml of meat juice were added to the test 
set followed by stirring and incubation at 42 • C for 1 .5 to 2 hours. 

The background value given by the test set was measured in the same way but after 15 min ^ncuba 
measured in L same way but after 15 min of incubation. After incubation the ^J^^^J^l 
ml of the solution was transferred into measuring cuvettes. 40 ul of 0.1% rKlecylaldehyde (.n 50% ethanoO 
was added to the cuvettes, the solution was stirred and allowed to stand at room temperature or 5 mm and 
tten measured by a luminometer. The 15-min background value was subtracted from the RLU value of the 
sTmp^d the control, whereafter the value of the sample was compared with the value of the control. The 
sample contains antibiotic if the value has decreased 50% from the control value. 

so Example 8 

Determination of bacteriophages in milk by using the T102 strain 

A milk sample containing a bacteriophage was introduced on ready fresh or cold-dried (test set) T 102 
65 and incubated at 42-C. The result was read e.g. after 2 or 3 hours. If the sample ^ns bactenophage 
the bioluminescence decreases or dies out entirely. Table 2 shows results obta.ned by det^mmg five 
phages effective on Streptococcus thermophflus T101 and concentrations that can be traced by the test 
in 1) two hours and 2) three hours. 
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, mi natinn nf hacterioiohaae bv using the Streptococcus thermophilt 


f$T102 strain 


phage 


1367 


1368 


1998 


1999 


2000 


1) 
2) 


1.1x10* 
1.1x10 s 


2.4x10* 
2.4x1 0 3 


1.8x10* 
1.8x10 s 


1.8x10* 
1.8x10 s 


3.5x10 s 
3.5x1 0 2 



The resuiti shown in Table 2 have been obtained by using a fresh Streptococcus *^<^^- 
<Sld-dried sample is used. i.e. the set test prepared as described in Example 4 to value , M ftnrn 
JS? shol in the tabte by one iogarithm. The sensitivity of determination is Jus ^J^^J^ 
which is essential from the viewpoint of the dairy industries; if raw m.lk contains 10* pfu/ml, the failure of 
STS ustXrocess can be expected, .t is further to be noted that the test resuH ■ . easy to read, the 
bioluminescence talis very abruptly to a level 10 to 100 times lower, almost down to the zero. 

Example 9 

Determination of bacteriophages in milk and whey by using several different bioluminescent Streptococcus 
thermophilus strains 

in this example six Streptococcus thermophilus starter strains were examined, into each one of which 
the W^T^n-awd as described in Example 3. These bioluminescentbactena were 

Ten^l to a milk or whey samp.e to be ana«ysed either fresh or coined as -"^f^ 
S-drying process. i.e. the preparation of the test set. is similar to that descnbed ,n Example 4 for T102 

cells. 

The results are shown in Table 3. 



Table 3 



30 


p^ ; «*«nn nf h^rioo haaes bv using different Streptococcus thermoph 


ilus strains 




S. thermophilus 
strain 


phage 


phage concentration* f resrv 


cold-dried 


time 


35 


code 12 


4> H1 


10 7 
10* 


nd 

lOMO* 


2h 
3h 




code 7 


4> F6 


(-2 dilut.) 
-2 dilut. 


nd 

-2 dilut. 


2h 
3h 


40 


code 89 


* V4 


10 s 
10* 


nd 
10 3 


2h 
3h 




code 91 


4> F6 


(-2 dilut) 
-2 dilut. 


nd 

-2 dilut. 


2h 
3h 


45 


code 704 


<p 638 


10 6 
10 5 


nd 
10 6 


2h 
3h 




code 807 


4> 600 


10 s 
10 1 


10* 

below 10* 


2h 
3h 



50 



* nhaae concentration that could oe aeteciea in me umo u»™ 

-2 dHut means that the plating of the phage has not been possible, but the effect cou.d be seen ,n a test 
tube already at this dilution. . , . 

In short sufficiently small phage amounts could already be traced in three hours. Decrease in 
luminance to also eiemety Sear, so that the test result is easy to read. Luminescence values fall to a 
level 10 to 100 times lower. 
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Claims 

1. Bioluminescent Streptococcus thermophiius strain containing luxA and luxB genes. 

2. Strain according to claim 1 which is Streptococcus thermophiius T102, DSM 8411. 

3. Strain according to claim 1 which is Streptococcus thermophiius VS796. 

4. Usft-of a bioluminescent Streptococcus thermophiius strain containing luxA and luxB genes in the 
determination of bacteriophages. 

5. Use of a bioluminescent Streptococcus thermophiius strain containing luxA and luxB genes in the ' 
determination of antibiotics. 

6. Use according to claim 5 of a bioluminescent Streptococcus thermophiius strain <^^%*™* 
luxB genes in the determination of antibiotics, characterized in that the strarn .s Streptococcus 
thermophiius T102, DSM 8411 or Streptococcus thermophiius VS796. 

7. Use according to claim 5 of a bioluminescent Streptococcus thermophiius strain containing toA and 
luxB genes in the determination of antibiotics, characterized in that the liquid sample .s m.lk or meat 

juice. 

8. Test set. characterized in that it comprises a bioluminescent Streptococcus thermophiius strain 
containing luxA and luxB genes and a suitable protective agent. 

9. Test set according to claim 8. characterized in that the strain is Streptococcus thermophiius T102. 
DSM 8411 or Streptococcus thermophiius VS796. 

10. Test set according to claim 8 or 9. characterized in that the protective agent is an aqueous ^solution 
containing 1.1% of sodium glutamate and 1.1% of ascorbic acid and havmg a pH value of about 6.5. 

11 Test set according to claim 8 or 9. characterized in that the protective agent is milk or an aqueous 
solution containing 10% of milk powder milk, each containing 1.1.% of sodium glutamate and hav.ng a 
pH value of about 6.5. 

12. Test set according to any o1 claims 8 to 11. characterized in that it contains about 1 to 2 x 10 6 

bacteria per ml. 

13. Test set according to any of claims 8 to 12. characterized in that cells of a bioluminescent 
Streptococcus thermophiius strain containing luxA and luxB genes are used as a concentrate, the 
dilution ratio between the concentrate and the protective agent being about 4-5x10 . 

14. Process for the determination of antibiotics, characterized by adding a liquid sample to a fresh culture 
of a bioluminescent Streptococcus thermophiius strain containing luxA and luxB genes, or to a test 
set containing cells of said strain, and a suitable protective agent incubating for about 1 to 2 hours at 
about 38 - 42- C; adding a long-chain aldehyde to the mixture; and measuring bioluminescence. 

15. Process for the determination of bacteriophages, characterized by adding a liquid sample to a fresh 
culture of a bioluminescent Streptococcus thermophiius strain containing luxA and luxB genes, or to 
a test set containing cells of said strain, and a suitable protective agent, incubating for about 1 to 3 
hours at about 38 - 42 -C; adding a long-chain aldehyde to Ihe mixture; and measunng 
bioluminescence. 
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Clal 




Fig. 
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